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INTRODUCTION 

The exercise of optimal therapeutics requires matching the dose of 

the drug one administers to the response manifest in the individual 

pati.ent. With many drugs, this task is simple, particularly if there is 

a great difference between the amount of drug causing efficacy and that 

causing toxicity. In such cases we can often dose with relative impunity · 

and take the therapeutic strategy of 11 overkil .l 11 to insure that effi­

cacious amounts of drug are administered. Unfortunately, with many 

drugs, we have this latitude, and only a narrow margin exists between 

efficacy and toxicity. To make matters worse, for many of the drugs 

which fall into this category, lack of salutary effects has serious 

consequences, for the diseases with which one is dealing are severe and, 

on the other hand, the toxicities of these drugs are also severe and can 

be life-threatening. Consequently, we are all aware of the need in 

individual patients to carefully titrate doses of drugs which have a 

narrow therapeutic index. 

Though the vast majority, if not all, of those in this audience 

readily accept the hypothesis that measuring serum concentrations of 

drugs with narrow therapeutic indices facilitates therapy, utilization 

of such measures at Parkland Hospital is low. This, in part, has been 

due to the technical reason that it has often been difficult to obtain 

assay results within a cl inically useful time frame. This drawback has 

recently been addressed and rectified by the Clinical Pathology lab­

oratory and, as a consequence, utilization of serum drug measurements 

should increase. 



One of the objectives of this grand rounds is to convince you of 

the absolute need for obtaining measurements of drug concentrations with 

many of the drugs used regularly in our patient population. To convince 

you of this need, I think it important to examine the data which support 

the utility of using serum drug concen,trations. I would intend to 

provide what I hope you will consider to be a convincing argument for 

their l.lse by presenting data for arninoglycoside antibiotics, digoxin, 

phenytoin, and theophylline. In so doing, I will also demonstrate to 

you that predictive ~lgorithms which are based on~ priori estimation of 

patient handling of specific drugs are helpful as starting points, but 

these approaches are poor enough that they cannot stand alone. They 

require the additional step of measuring drug concentrations in indi­

vidual patients to be used to for·mu late individualized dosing regimens. 

Once one has obtained a measured serum drug concentration, there 

are a variety of methods by which this information can be utilized to 
I 

individualize therapy and design dosing regimens for individual patients. 

All of these methods at~e mathematically complex and as such justify 

computer techniques for their utilization. I intend to demonstrate for 

you one or more computer programs we have designed with the assistance 

of the Medical Computing Resources Center with the goal of convincing 

you that their utility and ease of use is obvious. It will then be 

important to close this discussion with cautions one must follow in 

order to appropriately use serum drug c~ncentrations. If one ignores 

simple principles related to drug disposition and response even the most 

sophisticated drug assays and computer programs become useless and 

potentially misleading. 
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JUSTIFICATION OF THE USE OF MEASURING SERUM DRUG CONCENTRATIONS 

The relationship between the dose of drug one administers and the 

response elicited is subject to a variety of permutations as is sim-

plistically illustrated in the schematic of Figure 1. 

DOSE 

ABSORPTION 

DISTRIBUTION VOLUME 

~
METABOLISM 

ELIMINATION EXCRETION 
DIALYSIS 

DOSING INTERVAL 

CONCENTRATION IN BLOOD 

! DISTRIBUTION 

CONCENTRATION AT SITE 
OF ACTION 

I 
I 

+ 
EFFECT 

Fig 1: Schematic illustrating the mu lt ip l e determinants of the relation­

ship between dose of drug and effect. 

Absorption, distribution, elimination and the f requency of administration 

of a dose influences concentratiori in serum. Disease states, drug 

interactions, and interindividual variability influence the kinetic 

parameters of absorption, distribution, and elimination, for which the 

clinician must compensate by modifying the dose and dosing interval to 

achieve the desired drug concentration in serum. It is important to 

note that though this discussion focuses on measuring serum concentra­

tions of drugs, permutations can also exist between these concentrations 

and the effects observed in i ndividual pa t ient s. Consequently, tailoring 
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of therapy to a drug concentration~~ is inappropriate. One must, 

in additionp use clinical judgement and skills to assess the relation­

ship in an individual patient of the measured serum drug concentration 

to the effect elicited. Serum drug concentrations should never be a 

substitute for clinical judgement. 
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It would seem intuitively obvious that the serum concentration of a 

drug would correlate better to response than would dose because of the 

many sources of variability among individuals in terms of the kinetic 

parameters that relate dose to concentration in serum. On the other 

hand, however, one might argue that disease and other influences on 

absorption, distribution and eliminat·ion can be quantified by appro­

priate studies, and thereby _algorithms can be derived which will allow 

prediction in individual patients of their handling characteristics of a 

particular drug. Consequently, a dosing regimen could be designed which 

would predictably achieve the desired drug concentration in the indivi­

dual patient. Indeed» there are a wealth of data in the literature 

(which seem to be expanding at an ever increasing rate) quantifying such 

relationships. Unfortunatley, however, considerable variability among 

individuals is still observed, even with those drugs about which we 

supposedly know the most. For example, it is clear that aminoglycoside 

antibiotics are solely eliminated by the kidney; therefore, one might 

presume that simple~ quantitatively accurate relationships could be 

derived between measures of renal function and pharmacokinetic para~ 

meters for the various aminoglycoside antibiotics. Indeed, there are 

many papers in the literature deriving such relationships. If one 

collates these data, however. it is apparent that renal function can 



only account for approximately 30% of the variability observed in handl-

ing of aminoglycoside antibiotics. Obviously, then, there is much that 

we still do not know, and predictive algorithms based solely on renal 

function are subject to considerable error. The fact that we are unable 

to accurately predict the quantitative handling of drugs in individual 

patients has been addressed by Vesell . Figure 2 is a schematic illustrat-

ing the interrelationships of various "host factors" that may influence 

drug response. 

Allnmun 

Fig 2 
Th1' cin.:ular !k)riiy.n 'u&se5t!ll the mulliplicJt)' uf c:Uher wc:ll-t•uabli~hc(j or l'IU!'I(lCL' ted hu,t 

la~.' h'r' that may influerK:c drua rupon~r~c: in mnn. A line join• 11 11 !I.UCh fa~.·ton tn tht (lUtcr ~:m.:h: 111 

mJil.·atc thei r ~:ln!rr>c intcrrelation~h lp. Artnw;o~ from uch factor in the outer ~in:lc arc wa~vy to mdll' OIIt.' 

tha t '-'lh.'t.' I J~o u( euch hmt fatctor on drua. re "pont.e may occur 11 mulliplt 'itt~ 111d thmush diflt'r .. ·m 
pn-..·c,J~o~' thut 1ndude drug thMurtiun. dbtrlhutlon. mctabflli,.m. ucrctiun. rr .. :eptm 1":11nn. unJ 
~·, ,lllhJn atlnll l'> thereof. 
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Figure 3 expands upon this schematic, further illustrating the complexity 

of determinants of individual handling of drugs, emphasizing that the 

best we may ever hope to accomplish from a predictive strategy is to 

achieve an approximate estimation (a "guestimate") of an individual 

patient's handling of a ~pecific drug. 

The concept of cnnccrllric outer circles was developed to emphasilC the mult iple IX"'ihilitic' 
lh" l c'ist for interaction among host factors and tn ~uggc'l thai 1~ magnitude of the imp"cl of ho't 
!actors on un>g rc,l'onsc m;ty he modulated by genetic coll,titution . Becau'e in most case ' these 
'f>Ccitk interactions ~nd modulations have not yet been invest igated, much lc;s firm ly cstah i~Shcd. 
th is dc,ign ;, largely sf>Cculativ~ and intended to stimulate future research ra ther than to depict the 
current state of knowledge in the field. 

Truly tailoring drug therapy to the individual patient, then, requires 

direct determinination of how that patient handles the drug in question; 

namely, quantifying the relationship between the dose administered and 

the concentration achieved. Though such an argument might appear in­

tuitively obviousi it is important that we examine the data directly 
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addressing this question. Consequently, I will now present data with 

aminoglycoside antiobitics, digoxin, phenytoin and theophylline satisfy­

ing the criteria for utility of measuring serum drug concentrations 

outlined in Table 1. 

TABLE 1 

CRITERIA FOR UTILITY OF MEASURING 
SERUM DRUG CONCENTRATIONS 

1. Serum concentration correlates better to re­
sponse than does dose 

2. Feedback from serum drug concentration value 
allows attainment of desired concentration and 
response better than do predictive algorithms 

3. Using serum drug concentrations Is cost 
effective 

Aminoglycoside Antibiotics 

Correlation of Dose and/or Serum Concentration to Response 

It is clear that doses of am1nog1ycos ide antibiotics relate poorly 

to the attained serum concentration. Figure 4 demonstrates the poor 

correlation between gentamicin dose and the change in gentamicin concen-

tration resulting from that dose as observed by Goodman et al at this 

institution. 
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. . Relationship between increment in genta-
mtcm conce.ntration. in serum (tlG) and dosage of 
gentamtcm tn 20pattent.~ . The correlation coefficient 
(r) and the equatton for linear regression calculat<'d by 
the least square! method ora shown. The p va/ut wds 
calcula~ed for tho~ !lypothe&iN that the slopt of the 
reRre.Yslon llrtl! 13 zero. 
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Though the correlation is statist ically significant, there clearly is 

considerable scatter in the data, verified by the correlation coefficient 

(r=0.6). Such variability would be unacceptable in patient care~ in 

which more precise attainment of serum gentamicin concentrations will be 

demonstrated to be desired. Figure 5 shows similar data obtained by 

Schentag et al, again emphasizing the considerable scatter when one 

relates gentamicin dose to serum concentration. 

E 
" a; 
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.~ 
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ai 
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0 

~ 0 '---~---:"'=---·--=-=-__.__ 
1.0 20 

Gentor.n icin Dose, mg/kg 

Fig 5 
Relatlonsnlp between peak serum concan· 

tratlons and thB administered maintenance dose of gen· 
temrcln (mg/kg body weight) In adults. Reproduced with 
permission ol Journal of Pharmacokinetics and 
Biopharmaceutics from Schentug JJ . Jusko WJ, Vance 
JW et al. Gentamicin disposition end tissue accumula­
tion on multiple dosing .. 1977;5:559-77. 

Similar data have been demonstrated repeatedly with all aminoglycosides 

in current use. 

Though doses of aminoglycosides correlate poorly with serum concen­

trations9 do the latter correlate with response? If not, the lack of a 

good relationship with dose may be irrelevant. Answering this question 

with antibiotics is considerably more difficult than with the other 
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drugs that will be considered today. However, Table 2 presents data 

from three separate papers indicating that serum concentrations, indeed, 

correlate to efficacy. 

TABLE 2 

ANTIBIOTIC EFFICACY AND SERUM CONCENTRATIONS 

(J Infect Dis 129:187·193, 1974) 

317 Patients 
Peak serum titer~ 1 :8, cure In 2:: 80% 
Urinary tract infections, urine ~ 1 :4, cure In 90% 

(Am J Med 61 :493-497, 1978) 

52 cases of Gr "breakthrough" bacteremia on appropriate 
antibiotics 

Early breakthrough(< 72 Hr) 
63% with subinhibitory concentrations 

Late breakthrough (> 72 Hr) 
35% with subinhibitory concentrations 
39% compromised host 
26% inadequate drainage 

(Br Mad J 1:477·481, 1974) 
68 episodes of Gr bacteremia 

in 65 patients 
Adequate peak, 84% cured 
Inadequate peak, 23% cured 

What about correlations of serum concentration to toxicity? Again, 

"hard" data are difficult to find. However, most clinicians are con-

vinced that peak serum concentrations of gentamicin and tobramycin above 

8-10 vg/ml (or the equivalent with other aminoglycosides) are associated 

with an increased incidence of ototoxicity and that sustained trough 

concentrations above 2 vg/ml may predispose to nephrotoxicity. In 

short, then, it appears that serum concentrations do correlate fairly 

well with response, whereas dose clearly correlates poorly with serum 

concentrations. In turn, therefore, dose must be assumed to relate 

poorly to response, either therapeutic or toxic. It probably comes as 

no great surprise, then, that data support the contention that achieving 

"target" serum concentrations of aminoglycoside antibiotics is useful, 

and one should design therapy towards atta·ining such target concentra­

tions rather than using arbitrarily defined doses in individual patients. 
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Use of Serum Concentrations as Feedback to Attain 

Desired Target Concentrations 

A variety of predictive algorithms have been derived to allow 

selection of an aminoglycoside dosing regimen based on demographic 

characteristics of individual patients. Early studies demonstrated that 

aminoglycosides were eliminated solely by the kidney~ and initial guide­

lines focused on what now appear to be rather simplistic correlations of 

renal function with aminoglycoside pharmacokinetics. One of the earliest 

of these attempts was that of McHenry et al, commonly referred to as the 

"rule of eights". In 29 patients, these authors demonstrated that the 

half-life of gentamicin correlated closely with serum creatinine (r=0.94). 

In essence, half-life equalled the serum creatinine times 4. The authors 

recommended administering a dose every two times the half-life and 

consequently, then, the "rule of eights" refers to the administration of 

a "normal dose .. of aminoglycoside to the patient at a dosing interval 

equal to the serum creatinine times 8. This method essentially re­

presented a strategy of altering the frequency of administration while 

maintaing the dose constant (a variable frequency regimen). 

Subsequently, Chan et al published a nomogram (Figure 6) which 

similarly related a recommended gentamicin dose to a patient's renal 

function, but these authors preferred a strategy of maintaining the 

dosing interval the same as in subjects with normal renal function while 

decreasing individual doses in those with renal compromise (a variable 

dosage regimen). 
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F; y 0 Cleoronce of Creatinine (mil min) 
Dosage nomogram for patients with renal failure (see 

text for instructions for use). 

For reasons that are unclear, these authors considered a normal creatinine 

clearance to be 70 ml/min/ 1.73m2 and, by so doing, their nomogram 

recommended higher total doses than those which had been used previously. 

In their publication, they noted that 17 of 17 patients with life­

threatening gram negative bacterial infections survived, and they attri­

buted this success to the use of the variable dose strategy as opposed 

to the variable frequency strategy. In addition, however, the administra­

. tion of a higher total dose may clearly have also played a role. The 

success rate implied that the nomogram provided appropriate serum con­

centrations in all patients in whom it was utilized. A subsequent study 

by Churchill et al examined the success of the Chan guidelines in 22 

courses of therapy to 18 patients with creatinine clearances ranging 

from 6-65 ml/min. One hundred and thirty-three serum gentamicin con­

centrations were obtained in these patients with correlations derived 

between observed and predicted serum concentrations: for peak con­

centrations, r=0.70; for troughs, r=0.67. Though these correlations 

were significant, the relatively low r value is disconcerting when one 

considers the narrow therapeutic range of the aminoglycoside antibiotics. 
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The scatter implied should impart hesitancy in being confident that one 

could achieve a desired concentration in an individual patient. 

Mawer et al published a nomogram using a variable frequency strategy 

which they also programmed on a small digital computer and, in 36 patients 

with a wide range of renal function, demonstrated a correlation of 

predicted to observed concentrations of 0.88. These authors demonstrated 

the nomogram to be superior to physician's intuition, and that the 

physician was able to achieve the target serum concentration in only 20 

of 29 instances whereas the nomogram was successful in 39 of 39. In 

retrospect, however, it appears that this study must have included a 

select group of patients, for this dosing strategy has not met with 

similar success subsequently. 

Hull and Sarubbi, and Sarubbi and Hull in this country and Dettli 

in Switzerland then formulated what is probably regarded as the best 

predictive algorithm for aminoglycoside therapy. The Hull and Sarubbi 

method utilized the strategy of maintaining a fixed maximum serum con­

centration of aminoglycoside. Then, both dose and dosing interval are 

modified to compensate for decreases in renal function and concomitantly 

minimize the potential impact of elevated trough serum concentrations. 

These authors published their first nomogram for gentamicin and then 

followed subsequently with a more general nomogram providing data for 

amikacin. Table 3 shows the relationships they derived for individualiz­

ing the pharmacokinetics of gentamicin. 

TABLE 3 

HULL AND SARUBBI METHOD OF 
PREDICTING INDIVIDUAL 

PHARMACOKINETIC5-GENTAMICIN 

Assume Vd = 0.28 LJKg lean body weight 

K = 0.0024 Clcr + 0.01 
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A key feature of their approach was the finding which has subsequently 

been verified by Reymann et al that aminoglycoside dosing is improved 

when one calculates dose as mg/kg of lean body weight rather than total 

body weight. In fact, in 120 patients the latter authors demonstrated 

no correlation of dose with concentration based on total body weight 

whereas the correlation was significant when dose was related to lean 

body weight. These data must be regarded, however, with a disclaimer 

that though this latter correlation was significant, considerable vari­

ability still occurred (r=0.626). The Sarubbi and Hull nomogram is 

provided in Figure 7 and as can be readily seen, this approach allows 

modification of both the dose and the dosing interval. 

Fig 7 

Dosing chart for amlnoglycosldes In adults 

1. Select Loading Dose In mg/kg [IDEAL WEIGHT) 
to provide peak serum levels In range listed below 
for desired amlnoglycoslde. 

Usual Loading Expected Peak 
Amlnoglycoslde Doses Serum Levels 

Tobramycln 
Gentamicin 

1.5 to 2.0 mg/ kg 5 to 10 "'g/ml 

Amlkacln 
Kanamycin 

5.0 to 7.5 mg/kg 20 to 30 "'g/ml 

2. Select Maintenance Dose (as percentage of 
chosen loading dose) to continue peak serum 
levels Indicated above according to desired dos­
Ing Interval and the patient's corrected creatinine 
clearance.• 

Percentage of Loading Dose Required 
for Dosage ·Interval Selected 

C(c) cr half life 
(mllmln) (hrs)b 

90 3.1 
80 3.4 
70 3.9 
60 4.5 
50 5.3 
40 6.5 
30 8.4 
25 9.9 
20 11.9 
17 13.6 
15 15.1 
12 17.9 
10 20.4 

7 25.9 
5 31.6 
2 46.8 
0 69.3 

a hrs 

84% 
80 
76 
71 
65 
57 
48 
43 
37 
33 
31 
27 
24 
19 
16 
11 
8 

12 hrs 

91% 
88 
84 
79 
72 
63 
57 
50 
46 
42 
37 
34 
28 
23 
16 
11 

24 hrs 

92% 
86 
81 
75 
70 
67 
61 
56 
47 
41 
30 
21 

•Calculate corrected Creatinine Clearance (C(c) cr as: 
C(c) cr male 2 (140-age)/serum creatinine 
C(c) cr tamale = 0.85 x C(c) cr male 

"Alternatively, one halt of the chosen loading dose may be 
given at an Interval approximately equal to the eatlmated hall 
life. 
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As each of the predictive dosing guidelines were published, con­

siderable accuracy was demonstrated, usually in small patient groups 

which, in retrospect, were probably suffic iently homogenous to allow us 

to be deluded into thinking that the guidelines were more accurate 

predictors than they really were, and that they were sufficiently reliable 

to make measuring of serum concentrations superfluous. Studies in 

larger groups of patients, however, indicated the tremendous vari ability 

in individual handling of these drugs and subsequent unrealiability of 

the predictive algorithms. For example, Figure 8 from Zaske et al de­

monstrates the huge variability in half-life among 209 patients with 

normal renal function. 

Fig 8 

PHARMACOTHERAPY 

209 Mtdic.ne Potitnlt 
Notmol Rtnol Function 

f MEAN : 313 ~our1 

Holf-lole (~ r> l 

The serum half-life of gentamicin In 209 adult 
medicine patients with a normal !Serum creatinine. 
Reproduced with permission ol Applied Therapeutics, 
Inc. from Zuke DE. Amlnoglycosldll. In Evena WE, 
Sc:hentag JJ, Jusko WJ, ede. Applied Phar­
macokinetics: prlnclplea of therapeutic drug monitor­
Ing. 1980;210-39. 
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Similarly, Table 4 presents data (also generated by Zaske) in over 600 

patients demonstrating the tremendous variability in the dose required 

to ·achieve target concentrations, in half-life, and in volume of distri­

bution in large heterogenous patient groups. 

TABLE 4 

VARIABILITY IN GENTAMICIN DOSING REQUIREMENTS 

(Surgery 87:164-169, 1980 and JAMA 248:3122·3126, 1982) 

Customary 242 Surgical Patients 417 Elderly Patients 

Dose 3-5 0.7-12.4 0.3-22.0 
(mg/kg/d) 
Half-Life {hr) 2.5-4 0.4·13.4 0.3-32.7 
Volume of Distribution 0.20·0.25 0.06·0.63 0.07·0.53 

(L!kg) 

It is important to emphasize that all the previously discussed algorithms 

assumed volume of distribution of aminoglycoside antibiotics to remain 

constant (see Table 3). This is clearly not the case (see Table 4). 

Consequently, it becomes critically important to assess how well 

predictive algorithms perform in large groups of unselected patients 

before accepting their reliability. Fortunately, comparative studies 

have recently been performed and data assessing rel iab11 ity in the 11 rea1 

world 11 is thus available. Sa~;chuk has described a method by which serum 

drug concentrations measured in an individual patient are used to de­

termine that patient's individual handling characteristics for that 

drug. A recent study in 96 patients compared this method to that of the 

"rule of eights 11
, the Chan nomogram, and the approaches of Sarubbi and 

Hull and of Dettli. In general, the predictive algorithms resulted in 

50% of the concentrations being inadequatet and in 20%, trough concen­

trations were >2 ~g/ml. 
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These data are shown graphically in Figure 9 in which the Sawchuk method 

is referred to as "individual". 
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Fia. 9 
Serunr'concentrt:tions for lour predictive dosing methods (calculated) and individualized melhod 
(measured). Individualized method produced peak concentrations of 4 to 10 mgll and troughs 
of 2 mgll or leas In significantly more patients (94%) than ail predictive methods (P<.Ot); q' 
indicates doeea at eighl·hour Intervals; q'', at 12·hour lntervela; and q", at 24·hour Intervals. 

Clearly, the latter approach was the only method that allowed attainment 

of target serum concentrations. Another recent study compared the 

Sawchuk method with that of Hull and Sarubbi and with that of Tozer 

(Figure 10), another method assuming the volume of distribution for 

gentamicin to be constant. 

Fig 1 0 

TOZER METHOD OF PREDICTING 
INDIVIDUAL PHARMACOKINETICS 

Assume constant V d from population data 

t'h normal 
tv patient = ------ + 1 

2 fe (f<t -1) 

where 19 = fraction of drug excreted unchanged 
in urine 

patients creatinine clearance 

Kt = normaiCreaiTnine clearance 

For Gentamicin: 

2 
ty2 patient - - ----­

Clcr 
0.97(---1) 

120 

+1 

Vd "" 0 .28 LJKg lean body weight 
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A graphic representation of the relationship between predicted and 

actually measured serum gentamicin concentrations is ·demonstrated . in 

Figure 11 for the Tozer method, Figure 12 for the Hull and Sarubb i 

method, and Figure 13 for the Sawchuk method with the correlations for 

peak and trough concentrations presented in Table 5. 

'Iaure 3. Relationship between predicted and meaaured serum 
gentamicin concentrallon (SGC) using tho Tozllt method. Data 
represent 17 pairs of trough (0) (r • 0.30, P > 0.05) ~nd peak (e) 
( r • 0.38. p > 0.05) SGCs. Solid line represants line of Identity. 

0 . . .. . . 

Predicted Gentamicin Concontr1Uon U.vfml) 

Figura 1. Relationship between predicled and measured serum 
gentamicin concentralion (SGC) using the Sawchuk-Zaske melhod 
Oala represenl t7 pBirs of !rough (0) (r • 0.9t , p < O.Ot) and peak 
<•l (r • 0.73, p < O.Ot) SGCs. Solid line represents line of lden· 
lily. 

1 
3 
c: 
.2 

j 

Fig 13 Predicted Gontamicin Concentrttion t..vfmll 

Figure 4. Relationship betwetn predicted end measured serum 
genlamicin concentration (SGC) using the Hull method. Data rep· 
resenl t7 pairs oftrough (O)(r • 0.33. p > 0.05) and peak <•H' 
• 0.38, p > 0.05) SGCa. Solid line represenls line of iden111y . 

F i g 1 2 Predicted Gentamicin Concentration (~glml) 

TABLE 5 

CORRELATION OF OBSERVED TO 
PREDICTED SERUM GENTAMICIN 

CONCENTRATIONS 

(CIIn Pharm 1 :361·365, 1982) 

Method Peak Trough 
Sawchuk and Zaske 0.73 0.91 
Tozer 0.38 0 .30 
Hull and Sarubbi 0.38 0.33 
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Though the correlation observed with the Sawchuk method is still of a 

magnitude to indicate considerable scatter among patients (see Figure 

13), 1t is clear that using measured concentrations in an individual 

patient to determine that patient•s handling characteristics and, thereby, 

devise individualized dosing regimens is vastly superior to using pre­

dictive algorithms. One other approach has been tested for aminoglycoside 

therapy. A Bayesian statistical approach (which will be discussed in 

more detail subsequently) implemented by Jelliffe has been reported (in 

abstract form) to be particularly accurate, though no data were provided. 

Cost-Effectiveness of Monitoring Serum Drug Concentrations 

Though the foregoing data clearly demonstrate a better correlation 

of serum aminoglycoside concentration to response than of dose to response, 

and they demonstrate the absolute necessity of using measured concentra­

tions in an individual for dosing regimen design, one cannot ~ priori 

conclude cost efficacy. The assay procedure for any drug measurement 

has a finite and not inexpensive cost and its interpretation for develop­

ment of an individualized dosing regimen requires personnel time. It 

is conceivable, therefore, that such costs might outweigh the benefits 

derived. As one might suspect, studies of cost-effectiveness are very 

difficult. A hint that individualization of aminoglycoside dosing may 

be cost justified can be found in a report by Solem et al of 5 burn 

patients with ecthyma gangrenosum which heretofore had been universally 

fatal. This paper described the survival of 4 of the 5 patients when 

therapy was individualized based on ·feedback from measured serum gentamicin 

concentrations. It was noted that these patients require~ 12-30 mg/ kg/ day 

of gentamicin as opposed to the usual recommendation of 3-5 mg / kg / day in 

subjects with normal renal function. This fact is not particularly 
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surprising in view of the data in the literature demonstrating the 

increased renal excretion of aminoglycosides in patients with burns, but 

it serves to emphasize that using serum drug concentrations as guides 

can allow administration of such large doses not only safely but in a 

manner which clearly results in additional efficacy. Boatman et al 

performed a more rigid cost-benefit analysis of individualizing 

gentamicin dosage regimens in burn patients. Thirty-nine controls were 

compared to 66 patients. In the latter therapy was based on measures of 

serum concentrations in individual patients. Doing so resulted in 

administration of significantly larger doses at considerably shorter 

dosing intervals and culminated in a survival rate twice that of the 

control group (Table 6). 

TABLE 6 

BENEFITS OF INDIVIDUALIZING GENTAMICIN DOSING 
In Burn Patients 

(J Pharm Sci 68:267·272, 1979) 

Individual 
Controls Kinetics 

number 39 66 
%Burn 47.0± 19.8 50.7 ± 21 .1 
Dose (mg/kg/d) 4.4± 4.5 7.4± 2.8 
Dosing Interval 8.1 ± 2.9 5.3± 1.7 

(hr) 
Survived (%) 33.3 63.6 

Notwithstanding the increased survival alone, these authors also assessed 

the cost-benefit of individualizing therapy by calculating the expenses 

of the increased hospitalization time of the survivor's weighed against 

the productivity losses of those who died, etc. They found that an 

individualized approach to therapy was indeed cost-effective. As will 

be noted subsequently, comparable data for most other drugs are still 

forthcoming. 
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In summary , for aminoglycoside ant ib iotics , all criteria for utility 

of measuring serum concentrat ions are met. It is clear that appropriate 

use of aminoglycoside ant i biotics requires moni t oring of serum concen-

trations and subsequent individualizat ion of therapy. The best manner 

in which to do this will be presented subsequently. 

Digoxin 

Correlation of Dose and/or Serum Concentration to Response 

Digitalis glycosides represent one of the few drugs for which 

sol id data demonstrate that measuring serum concentrations beneficial. 

The original paper by Smith and Haber describing use of serum digoxin 

concentrations showed that dose of digoxin did not correlate with 

dig i talis toxicity whereas assessing toxicity relative to serum concen­

trations showed a significant difference between toxic and non-toxic 

patients. Figure 14 presents the data from their original paper showing 

that patients with digoxin toxicity received the same dose of digoxin 

while their serum concentrations were significantly different. 

Nontoxic Toxic ptl< 
--------~-----~----· 

n 131 48 
Digoxin dosage, mg/day 

Mean ±so 0.31 ±0.19 0.36 ±0.19 NS 
Range 0.0625-1.0 0. 125-1.0 

Serum digoxin concentration , 

ng/ml 
Mean ±so 1.4 ±0.7 3.7 ±1.0 <0.001 

Range 0.3-3.0 1.6-13.7 

• t test; NS denotes P > 0.05. 

Fig 14: Relationship between digoxin dose and toxicity compared to 

that between serum concentration and toxicity. 
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Serum concentrations were a better correlate of toxic response than was 

dose; however, as shown in Figure 15 from the same study, there clearly 

was considerable overlap between toxic and nontoxic patients. 

40 

30 

0 Nonfo•lc ( 1311 

~ Toatc (<401 

? 8 

SERUM OIGOXIN CONCENTRATION, ng/ml 

Fig 15: Overlap of serum digoxin concentrations of toxic and non-toxic 

patients. 

As emphasized at the start of this discussion, this fact demonstrates 

the critical importance of assessing the relationship between concen­

tration and response with clinical criteria in each patient. Some 

patients may have digoxin toxicity with serum concentrations in the 

11 therapeutic range 11 whereas others may require 11 toxic levels 11 to achieve 

a beneficial response. Using serum concentrations can help discriminate 

toxic from nontoxic patients, but their main utility will be as feedback 

allowing design of individually tailored dosing regimens such that the 

clinician can achieve whatever concentration he deems from clinical 

criteria to be most appropriate in his patient. A variety of studies 

subsequent to those of Smith and Haber have confirmed their data. The 
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impact of using serum digoxin concentrations on morbidity and mortality 

w111 be addressed subsequently in considering the cost-benefit of measur­

ing serum glycoside concentrations. In summary then, digitalis gly­

cosides clearly meet the criterion for utility in which the serum drug 

concentration relates better to response than does dose. 

Use of Serum Concentrations as Feedback to Attain 

Desired Target Concentrations 

As with aminoglycoside antibiotics a number of predictive algorithms 

and dosing nomograms have been published for digitalis glycosides. 

Again, similar to aminoglycoside antibiotics one might postulate that 

since the vast majority of digoxin is eliminated by the kidney, com­

pensating for changes in renal function would allow predictive algorithms 

to have considerable accuracy. This has not proved to be the case. 

Part of the reason may be that we now know that digoxin is not only 

filtered by the kidney but also has secretory and reabsorptive com­

ponents of renal excretion; their quantitative balance in an individual 

patient is difficult, if not impossible, to predict. Consequently, 

though nomograms are useful as starting points for therapy with 

digitalis glycosides, they must be supplemented with measured serum 

concentrations. 
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Perhaps one of the most frequently used nomograms is that of Jelliffe 

(Figure 16) which allows compensation for prior dosing, body size, and 

renal function. 
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Fig 16 

A recent analysis in 85 patients by Jones et al assessed the aaauracy of 

12 different digoxin dosing algorithms (including Jelliffe•s). All of 

these algorithms tended to underestimate the digoxin dose necessary to 

achieve the desired concentration, and the correlation coefficients 

relating predicted to observe concentrations ranged from -0.393 to 0.389 

(Table 7). 

TABLE 7 

EVALUATIONOF12METHODSFORDIGOXINOOSINGIN85PATIENTS* 

(J Clln Pharmacol 22:543·550, 1982) 

MetnCJd 

Jelliffe 
(}Bar 
Paulson 
Koup 
Koup/CHF 
Gault 
Sumner 
Dobbs 
Dobbs 
Dobbs 
Shape! 
Wagner 

Correlation 
Coefficient 

0.211 
0.223 
0.278 
0.289 
0.354 
0.302 
0.182 
0.332 
0.258 
0.279 

·0.393 
0.338 

*Siersbaek·Nielsen nomogram for renal function; 
Used les_~~r of actual ur ideal body weight 
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Clearly, even the best of these algorithms is poor. The authors con­

cluded that since all methods underestimated the needed digoxin dose, 

they were relatively safe but should not be used as anything other than 

a starting guideline. In stark contrast, several studies have de­

monstrated the ability to use measured serum concentrations of digitalis 

glycosides in individual patients to tailor therapy to that individual. 

In turn, studies have also demonstrated that use of computers allows 

better success than does the intuition of the physician. Sheiner has 

been a pioneer in this area and has developed much of the computer 

technology utilized in creating feedback loops to individualize therapy. 

As shown in Figure 17 from one of his papers, a computer outperforms a 

physician using serum concentration measurements, using two concentra­

tions is better than one, and that it if a computer technique is not 

available, the physician's intuition is better than nothing. 
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Fig 17: Improvement in achieving digoxin target concentrations with 
various strategies. Patient demographics with or without 
concentrations in plasma (CP) offers little improvement 
whereas measured concentrations improve accuracy with two 
concentrations better than one. 
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Similarly, Rich et al compared 25 control subjects to 22 .patients in 

whom computer assistance was used. The intuitive judgement of the 

physician was able to make appropriate dose adjustments in 14%, compared 

to 43% for the computer, and the desired serum concentration was achieved 

intuitively in only 45%, compared to 80% with a computer. It is im­

portant to note that the computer technique used in this latter study is 

considerably less sophisticated than that developed by Sheiner. Another 

way of expressing the utility of using computer feedback is shown in 

Figure 18, again from Sheiner's work, where the use of computer feedback 

is able to decrease by 75% the number of patients outside the therapeutic 

range. The method used by Sheiner is that of a Bayesian feedback loop 

which, with digitalis glycoside therapy, appears to be the best method 

currently available. This was also noted above with aminoglycoside 

antibiotics. 

IN EFFECTIVE THERAPEUTIC TOXIC 

0 2 

SERUM DIGOXIN CONCENTRATION jng/ml) 

Fig 18: Ability of a computer using Bayesian feedback techniques to 

decrease the % of digoxin concentrations outside the t herapeutic 

range. 
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Cost-Effectiveness of Monitoring Serum Drug Concentrations 

Again. it has been clearly demonstrated that the proper use of 

serum digoxin concentrations can improve the ability to achieve a de­

sired concentration. However, is this cost effective? Two separate 

bodies of information attest to the utility of this therapeutic strategy_. 

On the one hand, as illustrated in Figure 19, it appears that digitalis 

toxicity is associated with considerable increases · in morbidity over and 

above those patients receiving digitalis alone. 
- --- ----
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Fig 19: Adverse impact of digoxin toxicity on mortality. 

As a consequence, it is not an unreasonable hypothesis to presume that 

decreasing the incidence of digitalis toxicity should decrease morbidity 

and mortality from this drug. The latter postulate has not been directly 

proven. However, considerable data demonstrate that use of serum digoxin 

concentrations does, in fact, decrease the incidence of digitalis toxicity. 
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In one of Jelliffe's ea~ly .studies, a decrease in t he incidence of 

digitalis toxicity frbm 35.5 to 12.5% occurred with implementation of 

serum digoxin concentration measurements for individualizing digoxin 

therapy. Smith noted in a recent review that studies from various 

authors in approximately 1500 patients before the ability to use serum 

digoxin concentrations to guide therapy was prevalent reported an in­

cidence of digoxin toxicity ranging from 13.3 to 29%. Similarly, 

Koch-Weser et al reported an incidence of digitalis glycoside toxicity 

ranging from 13.1 to 19.4% in 7 different hospitals encompassing a total 

patient population of 2425 (Figure 20). 

Fig 20 

Frequency of adverse reactions 
to digoxin in 8 haspitals 

Number 
of Per cent 

patient I with 
recelulng adverse 
digoxin reactions 

Boston V.A. Hospital 330 15.2 
Boston City Hospital 273 16.2 
Hadassah Hospital (Israel) 128 13.1 
Lemuel Shattuck Hospital 

(Boston ) 48.5 19.4 
Peter Bent Brigham Hospital 

( Boston ) 736 16.9 
Roger Williams General Hos-

pltal (Providence, R. I.) 336 14.3 
St. Joseph's Hospital (London, 

Ontario) 137 16.8 
Total 2,425 17.0 
Massachusetti General Hos· 

pita! (Boston ) 1966·1968 459 13.9 
Massachusetts General Hos· 

pita! (Boston) 1970·1972 253 5 .9 

This incidence of toxicity, they noted, was similar to that at their own 

hospital (Massachusetts General Hospital) o~ 13.9% in 459 patients in 

the era prior to utilization of serum digoxin concentrations. After 

implementation of such measures, however, the incidence of toxicity in 

253 patients fel1 to 5.9%. These same authors compared the incidence of · 

digitalis toxicity at MGH to that at Peter Bent Brigham Hospital. At 

.. " .... - '1 . ... . 



the former, 40% of patients receiving digoxin were monitored with de­

termination of serum digoxin concentrations as compared to 12% at Peter 

Bent Brigham Hospital . At the latter, 10% of 272 patients developed 

digitalis toxicity compared to 4% of the 291 patients at Massachusetts 

General Hospital . It is important to note that these studies demonstrat­

ing decreases in incidence of digitalis toxicity used a crude approach 

· for dose adjustment based on the measured serum glycoside concentration; 

namely, physician intuition. It is not unreasonable to suspect that 

even more impressive differences would be ·realized if the most sophis­

ticated and accurate techniques for individualizing therapy had been 

utilized. However, the data are sufficiently impressive to verify the 

cost effectiveness of using serum glycoside concentrations, and it would 

now be unethical to design a trial in which control patients were allo­

cated to no individualization of therapy as compared to an experimental 

group in which the most sophisticated and accurate methods were used. 

In summary then, the utility of using serum digoxin concentrations is 

verified, as is the marked improvement in achieving desired serum concen­

trations in individual patients by using appropriate methodology to 

individualize therapy. As was observed with aminoglycoside antibiotics, 

predictive algorithms serve as helpful starting points but cannot be 

used for chronic care of patients. 

Phenytoin 

Correlation of Dose and/or Serum Concentration to Response 

Phenytoin is a particularly difficult drug to use, for in addition 

to its narrow therapeutic range, it obeys dose dependent kinetics (also 

referred to as saturable or Michaelis-Menten kinetics). Phenytoin is 

one · of the few drugs which, at clinically used doses, has the capacity 
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for saturating pathways of elimination. Consequently, wfthin the 

therapeutic -range , small increments in dose can often lead to large 

increases in serum concentration with concomitant decreases in the 

overall elimination rate, prolongation of the half-life, etc. This 

phenomenon is illustrated in Figure 21 taken from data of Richens and 

Dunlop. 
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Fig 21 

The curvilinear nature of the relationship between .the dose of phenytoin 

and the concentration achieved is obvious, as is the tremendous vari-

ability among patients in t erms of this relationship. Consequently, one 

would predict a .very poor relationship between dose of phenytoin and the 

· concentration achieved . 

30 



That this is the case is supported by numerous studies, one example of . 

which is depicted in Figure 22. 

Fig 22 

PLASMA L.EVEL.S OF OIPHENYL.HYOANTOIN AS A 

FUNCTION OF DOSE 
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The tremendous variability in this relationship is obvious. 

If measuring serum concentrations in patients is to be justified, · 

one must demonstrate a good correlation between serum concentrations and 

both efficacious and toxic response. Correlations of phenytoin concentra­

tions to efficacy have been shown by Buchthal et al, but probably most 

impressively by Lund who assessed this relationship in 32 patients 

followed prospectively for 3 years. 
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His data are depicted in Figure 23 which clearly shows a decrease in 

seizure frequency with increasing phenytoin concentrations within the 

therapeutic range. 
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As should be apparent, generation of this type of data is exceedingly 

difficult because of the spontaneous variability of seizure frequency 

among patients. The fact that a 3 year prospective study was required 

demonstrates the difficulty encountered in this general area of relating 

serum concentrations to efficacy while, on the other hand, it has always 

been much easier with most drugs to relate serum concentrations to 

toxicity. This holds true with phenytoin and has been documented in 

large numbers of patients. For example, Haerer and Grace assessed 282 

phenytoin concentrations in 166 out-patients demonstrating a very close 

correlation of serum concentration to toxicity. The two investigators 

· cited previously who documented corre·lations with efficacy have also 

shown correlations of serum concentration with toxicity, and finally, 
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Kutt, who has been an active investigator in this field since the early 

1960 1 s, has produced data such as that shown in Figure 24 clearly re­

lating toxicity to serum phenytoin concentrations. 
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The onaet of central nervous ay~tem side-etTecta in relation to 
phenytoin concentration is shown above. Far-lateral nystagmus is most fre· 
quently observed with a concentration of 20 j.~.g/ml; however, this symptom is 
firat obaerved oci:aaionally at much lower or higher concentratio!lll. Ataxia 
and gl\)88 mental changes are usually evident at concentrations of greater 
than 30 and 40 f.Lg/ml, respectively. From reference 49. 

Fig 24 

Again, then, phenytoin represents a drug for which serum concentrations 

correlate better to response than does dose. 

Use of Serum Concentrations as Feedback to Attain 

Desired Target Concentrations 

As with other previously discussed drugs, various predictive algorithms 

have been proposed for phenytoin dosing. It is important to note that 

since phenytoin follows Michaelis-Menten kinetics, the pharmacokinetic 

parameters that one must derive for individual patients are ~ and Vmax 

just as in enzyme biochemistry. As with the pharmacokinetic parameters 

of other drugs, these parameters for phenytoin are subject to tremendous 

interindividual variability. 



One of the first predicti ve algorithms, and one which is still fre­

quently used, is that of Richens and Dunlop as illustrated in Figure 25. 
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Fig 25 

This method requires one measured serum concentration in each patient. 

Those methods of strictly a predictive nature have proved to be miserable 

in their ability to attain desired serum concentrations and will not be 

discussed. The limitations of this algorithm are that it assumes an 

average, constant Km and therefore individually adjusts only Vmax· 
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A different approach was described by Mullen with a graphical method in 

which two dose-serum concentration pairs at steady state are needed 

(Figures ?_§__and 27). 
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Each dose-concentration pair can be used to construct a line as shown in 

Figure 26. The intersection of these two lines plus the desired concen­

tration for the patient can be used to construct another line, the 

intersection of which with the Y-axis defines the needed dose (Figure 

27). The drawback of this method is the necessity for 2 steady state 

.serum concentrations while the patient is receiving different doses of 

phenytoin. Ludden subsequently published a somewhat similar method in 

which two dose-serum concentration pairs at steady state can be used 

graphically to calculate an individudl patient's Km and Vmax (Figure 

28). 
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Fi g 28 · . 
Graphic est imation of individual Vmax and Km values for phenytom. -

Fig 29 
·-

A plot on the X-axis of mil ligrams of phenytoin taken per day divided by 

the concentration in plasma obtained by that dose versus on the Y-axis 

the amount of phenytoin ingested per day gives a line in which the Y 

intercept represents Vmax and the slope represents the negative of Km 

(Figure 28). From these graphically derived values, one can then cal-

culate the maintenance dose for desired steady state serum concentration 

as shown in Figure 29. A comparison of the Ludden method to that of 

Richens and Dunlop reveals considerable improvement (as might also be 

suspected with the Mullen method which in principle is very similar to 

that of Ludden). The correlation of observed to predicted serum pheny­

toin concentrations using the Richens and Dunlop method yielded an r 
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value of 0.360 as compared to Ludden's method resulting in a correlation 

coefficient of 0.824. Yet another method has been described and tested 

in 49 patients. This, again, represents the Bayesian feedback approach, 

the principles of which were originally developed by Sheiner. In a 

study by Vozeh et al, 75 steady state serum concentrations in 32 patients 

were used to determine Vmax and ~ for a population of average patients; 

these prospective values were 7.22±0.25 mg/kg/day and 4.44±0.4 ~g/ml. 

Results of this stu.c:!.Y _!~ d~picted in Figures 30 and 31. 
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Fig 30: Comparison of different methods of phenytoin dosing. Panel A 
represents use of population based parameter estimates. Panel 
B represents the Richens and Dunlop nomogram using one measured 
serum concentration. Panel C represents the Bayesian method 
using one serum concentration. 
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37 



In Figure 30, the left hand panel, (marked A) depicts the relationship 

between the actual phenytoin dose required t o achieve the desired steady 

state plasma concentration versus the predicted phenytoin dose using 

estimates based on average population data. In other words, panel A 

represents a predictive algorithm without feedback from measured blood 

concentrations. Clearly, the correlation coefficient here (r=O.l5) is 

unacceptably low. The middle panel represents the method of .Richens and 

Dunlop in which vast improvement is observed (r=0.90). The far right 

panel illustrates the same patients in whom the Bayesian feedback approach 

was used with feedback from one measured serum concentration. The 

Bayesian approach came approximately 30% closer to the actual dosage 

than did the Richens and Dunlop method. Figure 31 is a similar depic­

tion with, again, the leftward panel (labelled A) representing use of 

population derived parameters; i.e., a predictive algorithm without 

feedback from measured serum concentrations. The middle panel re­

presents results using the method of Ludden in whi ch two dose-serum 

concentration pairs at steady state were used. This method is clearly 

superior to not using serum concentrations. Again, the far right panel 

represents the Bayesian approach which comes approximately 60% closer 

than Ludden to achieving the desired phenytoin dose using two serum 

concentrations for feedback. Again then, it appears that feedback 

methods using the Bayesian approach are superior to other techniques for 

individualizing therapy with phenytoin. 

Cost-Effectiveness of Monitoring Serum Drug Concentration 

As with other drugs previously discussed, one must also ask the 

question as to whether or not use of measures of serum phenytoin con­

centrations or those of other antiepileptic drugs is cost effective. 
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The current literature accepts as a matter of course that therapy is 

inadequate unless serum phenytoin measurements are obtained, though no 

direct cost-benefit analysis exists. Kutt and Penry have written that 

use of blood levels has decreased the incidence of poorly controlled 

seizures by 50%, and one must presume that this benefit far outweighs 

the cost of the methods employed, notwithstanding additional benefits 

derived by avoiding toxicity. I think it is a reasonable ·assumption 

that such approaches are cost effective with phenytoin and, therefore, 

all of the predefined criteria for utility of using measures of serum 

concentration are fulfilled for phenytoin. 

Theophylline 

Correlation of Dose and/or Serum Concentration to Response 

Clear-cut relationships have been demonstrated between serum con­

centrations of theophylline and both efficacious and toxic effects. As 

with other drugs discussed previously, correlation of dose with serum 

concentration is very poor. Figure 32 presents data from Weinberger et 

al demonstrating huge variability among patients. 
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Similar results were obtained in 48 subjects by Hendeles et al (Figure 

33). 
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This figure is of additional interest, for it includes in the shaded 

area the dosing recommendations and the expected concentrations that 

Mitenko and Ogilvie demonstrated in one of the signal papers assessing 

the relationship between serum theophylline concentrations and response. 

These authors published guidelines for loading dose and a maintenance 

infusion for theophylline to maintain serum concentrations between 8 and 

20 ~g/ml. Unfortunately, their data were obtained from a homogenous 

population group; namely , young, normal volunteers or asthmatics with no 

concomitant disease, a population group which has a relatively high 

metabolic clearance rate of theophylline compared to the overall popu­

lation to whom this drug is administered. Implementation of these 

authors• recommendation resulted in considerable numbers of patients 

developing toxicity. Figure 33, therefore, has dual messages--one, the 

extremely poor correlation of theophylline dose to serum theophylline 
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concentration and secondly , the inability of a rigid, predictive 

algorithm to attain desired concentrations. That this latter point 

should be obvious is dramatically documented by a recent review of Jusko 

et al who collated the variety of possible influences on theophylline 

handling. Their cascade is reproduced in Figure 34 demonstrating the 

inordinate complexity involved in deciphering a priori how an individual 

patient will metabolize theophylline. 

Total Body Cleoronce of Theophylline, mllhr/ko IBW 

Fig 34 
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Such a depiction should be sufficiently frightening to stimulate anyone 

prescribing theophylline to use measured serum concentrations. 

As noted above, theophylline is a good example of a drug for which 

a good correlation has been shown between serum concentrations and 

response, both efficacious and toxic. 
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Figure 35 shows data generated by Mitenko and Ogi l vi e in which the 

improvement in FEV1 in individual patients correlates directly to t he 

serum theophylline concentration. 
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Dose-Response Relation for Changes In Forced Ex­
piratory Volume In the First Second (6FEV,) against the Plas­
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as well as the unwelghted least squares regression line for the 
whole group(····). For each subject the 6FEV, Is norm alized by 
division of the mean difference from the placebo value at each 
drug concentration plateau by the predicted value minus the 

placebo value. 

Similarly, Hendeles et al have demonstrated t he direct relationship 

between serum theophylline concentrations and toxi city (Figure 36). 
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Similar results have been generated by Zwillich et al (Figure 37). 
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Fig 37: Relationship between serum theophylline concentration and 

toxicity. 

Some authors have questioned whether chronic therapy with theophylline 

is of benefit to asthmatic patients who are receiving combination therapy. 
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Figure 38 depicts data generated by Weinberger and Bronsky demonstrating 

that increasing concentrations of theophylline within the therapeutic 

range decreased symptoms, need for an isoproterenol nebulizer, need for 

adrenaline injection, or need for concomitant drugs, supporting not only 

the good relationship between serum theophylline concentration and 

efficacious response, but also that this relationsnip is maintained with 

chronic therapy. 
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Fig 38: Efficacy of chronic therapy with theophylline related to 

serum concentration 

Again, then, with theophylline it is clear that serum concentration 

relates better to response than does dose, justifying and fulfilling one 

of the criteria for utility of measuring serum theophylline concentra-

tions. 

Use of Serum Concentrations as Feedback to Attain 

Desired Target Concentrations 

In 1973, Mitenko and Ogilvie published dosage recommendations to 

achieve a target serum concentration of theophylline between 10 and 20 

~g/ml. ·ro do so, they advised a loading dose of 5.6 mg/kg of amino-
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phy11ine followed by a continuous intravenous infusion at a rate of 0.9 

mg/kg/hr. They noted that in their patients this regimen would result 

in a theophylline concentration of approximate'ly 10 JJg/ml in 95% of 

patients. Many investigators then implemented these recommendations and 

found considerably different results. For example, Powell et al in 31 

normal subjects and 26 patients demonstrated that the Mitenko and Ogilvie 

recommendations were too high. These authors were also able to demon­

strate that a variety of patient demographic factors influenced the 

handling of theophylline, such as increased clearance with smoking and 

decreased clearance with heart disease, liver disease, or cor pulmonale. 

Similarly, in 48 patients Hendeles et al found the Mitenko and Ogilvie 

guidelines to result in a mean serum theophylline concentration of 

21.9±12 J.lg/ml (range of 7-52) and as a consequence, a number of patients 

developed toxicity. They then advised dosing recommendations based on 

scaling down the dose in subjects with cardiac or hepatic disease. In 

29 patients Weinberger et al similarly showed the Mitenko and Ogilvie 

recommendations to be excessive, and in their survey, these authors came 

to the conclusion that "observation suggests that it is not possible to 

achieve optima ·1 therapeutic a.mi nophyll i ne dosage vtithout monitoring 

serum theophylline concentrations 11
• Jenne et al assessed 83 patients 

receiving 200-300 mg of theophylline every 6 hours by mouth in accor­

da.nce with the Mitenko and Ogilvie guidelines. They measured trough 

serum theoph,Ylline concentrations in these patients and found a range 

from 2.9-32.6 pg/ml with a considerable incidence of toxicity among 

their patients. And lastly, Jacobs et al in 47 patients found a poor 

relationship between dose and serum theophylline concentration and a 

good correlation between serum concentration and response with the 
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Mitenko and Ogilvie recommendations resulting overall in excessive serum 

concentrations. 

With this flurry of papers, it became readily apparent that a 

variety of patient demographic factors influenced handling of theophy­

lline. Jusko's group attempted to address these problems by quantifying 

handling of theophylline in 72 patients of different age, body size, 

cardiac and liver stat us. From these data, they published the nomogram 

shown in Figure 39. 
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As is evident, this nomogram predicts the dose needed to achieve a 

target serum concentration according to age, weight, and presence of 

cardiac and/or hepatic disease. Evaluaticm of this nornogr·am demon-

strated attainment of serum theophy'll i ne concentrations between 8 and 20 

~y/ml in 72% of patients which, at the time was considered to be a 

success. The i nabi 1 i ty of this or other such nomogr·arns to more 

accurately predict needed doses of theophylline is undoubtedly the 
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result of the many factors which can influence handling of theophylline 

as the Jusko group subsequently summarized (shown previously in Figure 

34) . Pancorbo et al assessed the accuracy of the Jusko nomogram in 55 

patients, 32 of whom had cardiac or hepatic disease. They found that 

the nomogram only attained therapuetic serum concentrations (10-20 

~g/ml) in 69% of patients. Individualizing therapy, however, by using 

the Sawchuck method (referred to previously in which 3 separate serum 

samples are obtained for determination of theophylline concentrations to 

allow calculation of the individual •s handling of theophylline) resulted 

in attainment of 85% of serum concentrations within the therapeutic 

range. This assessment of pharmacokinetic parameters in these individual 

patients revealed a similar situation to that described previously for 

aminoglycoside antibiotics. Namely, tremendous variability occurs in 

derived kinetic parameters for theophylline in a population of patients. 

For example9 half-life ranged from 2.5-34.6 hrs, clearance from 0.013-0.185 

liters/kg/hr, and volume of distribution from 1.12-1.78 liters/kg. The 

Jusko nomogram and prior predictive algorithms had all made the fallacious 

assumption that volume of distribution is constant among patients (Jusko 

presumed it to be 0.45 l i ters/kg). With such a false assumption it is 

no surprise that predictions were erroneous. 

Despite these facts, the Food and Drug Administration took it upon 

themselves to publish guidelines for aminophylline dosing. The moti­

vation for such guidelines was the considerable difficulty occurring in 

dosing of theophylline in patients with different demographic character­

istics. The FDA did not really make any recommendations that had not 

already appeared in the literature, and unfortunately, by putting their 

label on a set of recommendations, they mqst likely gave their recipe 
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undue credibility. The FDA guidelines have been compared to other 

methods for individualizing th!:!rapy and. as one might have predicted 

from a predictive a·lgorithm 9 the results have been poor. The current 

FDA recon~endations are shown in Figure 40 for your interest. 

FDA GUIDELINeS FOA AMINOPHYLLINE DOSING 

(FDA Drug Bull, 1980) 

Maintenance Dose (mgikg"'/ hn 

Loading Dose Next 12 Hrs Bt~yond 12 hrs 
tmtpkg .. ) 

Children 
6 mos-9 yr 6 1.2 1.0 
9v16 yr and yoJung e 1.0 0.8 
<:.dult srnok2rs 

Adults 
H~althy, non· 6 0.7 0.5 
smoking 

Older, and those 6 0.6 0.3 
with cor !JUimonale 

CHF or liver ci!sec.se 6 0.5 0.1 - 0.2 

"'L<~an body welg~1t Fig 40 

Just as witn any predictive algorithm they serve as a decent star·ting 

point in ther·apy but should not be considered to be sufficient for 

chr·oni c dosing. 

It is interesting to note that one source of error in the FDA 

guidc1 ines is their use of 1ean body \~eight for dosing of theophy11 ine 

(as did Jusko). While it was noted in previous discussions that lean 

body weight facilitates the accuracy of dosing with aminoglycoside 

antibiotics .. theophylline has a finite distribution space in fatty 

tissue, and, as a consequence, one most likely can dos~ more accurately 

if distribution into tissues in ~xcess of lean body weight is considered. 

Data from Lenert et al indicate that the volume of distribution of 

theophylline is better approximated as 0.5 times lean body weight plus 

0.25 times actual \~eight less lean body weight. Her-etofore, most authors 

have considered the volume of distribution to be 0.44-0.50 liters/kg of 

lean body weight. This assumption is E:rroneous as is assuming lack of 

variability among individuals. 
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It should, therefore , be no surprise that predictive algorithms 

have proved unsatisfactory in dosing of theophylline. Do methods to 

individualize therapy using feedback from serum concentrations perform 

any better? In 42 patients, McGary and Matzke compared the method of 

Koup (in which one serum concentration is obtained at a finite time 

after a test dose and which can theoretically be related to the desired 

maintenance dose for achieving a target serum theophylline concentration) 

to the method of Sawchuk in which 3 timed samples after administration 

of a dose of theophylline are measured with determination of the in­

dividual patient's pharmacokinetic parameters. The method of Sawchuk 

proved to be quite accurate while with the Koup method, the predicted 

dose varied from the actual dose needed to attain the desired serum 

concentration by -53.9 to 223.9%. The Sawchuk method proved to be more 

accurate than predictive algorithms and was also clearly superior t o the 

Koup method. Unfortunatley, the former requires obtaining 3 serum 

samples in each patient. In 19 patients, Anderson et al assessed the 

FDA published guidelines, a different Koup method using a hand-held 

calculator and 2 serum concentrations, and the method of Chiou also 

using 2 measured serum concentrations. Both the latter methods have the 

inherent flaw of assuming a constant volume of distribution of 0.44 L/ kg. 

The FDA guidelines achieved subtherapeutic concentrations in all patients 

and, therefore, were exceedingly inaccurate, as one might presume from a 

predictive algorithm. The other 2 methods were comparable, with correla­

tions of actual to predicted serum concentrations of approximately 0.86 

and with estimation errors ranging from -100 to 46.1%. As noted above, 

this inaccuracy, though better than the predictive algorit hm is probably 

a function of both methods having assumed volume of distribution to be 

constant. 
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Vozeh et al examined 15 acutely ill asthmatic patients including 4 

with congestive heart failure, and 2 with hepatic disease. Using a 

predictive algorithm based on patient demographic factors such as disease, 

age, smoking, etc., the authors attempted to obtain serum concentrations 

of 15 ~g/ml in all patients. In contrast, as shown in Table 8, they 

achieved a mean concentration of 18.4 ~g/ml with a standard deviation of 

15.3. 

TABLE 8 

IMPROVEMENT IN 1"HEOPHYLLINE THERAPY 
BY MEASURED CONCENTRATIONS AND METHOD OF CHIOU 

(Eur J Clln Phannacol18:473-477, 1980) 

Measured 
Concentrations (/AQ/mO 

Mean± SO 95% Confidence 
Interval 

No Feedback 18.4 ± 15.3 4.5 - 49.7 
6.0- 33.0~ 

5.2- 43.6* 

Feedback 14.9 ± 4.8 13.0 - 19.8 
*Compiled literature sources 

Predicted 
Concentration (J.tQ/ml) 

15 

14.7 ± 5.1 

The 95% confidence interval for serum concentrat ions obtained was 

4.5-49.7 ~g/ml using the predictive algorithm. This lack of accuracy is 

clearly unacceptable in clinical settings. To verify the findings of 

their study, these authors also compiled 95% confidence intervals for 

serum concentrations achieved by predictive algorithms from other 

literature sources and found them to be quite consistent with those in 

their own study as shown in Table 8. Using the method of Chiou in these 

same patients, the authors achieved considerably better results. For a 

predicted concentration of 14.7±5.1 ~g/ml, they achieved 14.9±4.8 with a 

95% confidence interval of 13.0-19.8, well within the "therapeutic 

range". 

Mungall et al performed a similar analysis in 15 patients using 2 

serum theophylline concentrations for feedback to i nd i vi dua 1 i ze therapy. 
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An empirical predictive algorithm resulted in a 95% confidence interval 

of 3.3-28.5 ~g/ml and only 7 of the 15 patients achieved serum theo­

phylline concentrations in the therapeutic range. In contrast, the 

method using feedback from measured serum concentrations achieved a 95% 

confidence interval of 10.6-18.2 ~g/ml with all patients achieving 

concentrations in the therapeutic range. 

The Bayesian approach of Sheiner has also been assessed with theo­

phylline therapy. Coleman and Hedberg evaluated 3 different approaches 

in 10 patients, 1 of which was the Bayesian method, and the 2 others of 

which were similar to that employed by Sawchuk. In this small sample 

size, they detected no difference among the 3 methods though they did 

verify that having one measured concentration for feedback improved the 

estimation of patient handling of theophylline by 60%, again supporting 

the contention that measured concentrations improved therapy compared to 

using predictive algorithms alone. In a larger study assessing theo­

phylline therapy in 100 patients, the Bayesian approach was compared to 

that of Koup and that of Chiou, and was shown to provide considerably 

better estimates of the individual patient's handling of theophylline. 

Most of the foregoing have assessed use of serum concentrations for 

modification of maintenance doses. Weinberger et al have also addressed 

this question in terms of the loading dose of theophylline, particularly 

in those patients who present for therapy and who have received theo­

phylline as out-patients. Clearly, calculation of an appropriate loading 

dose in this situation requires either measuring or estimating the 

residual concentration of theophylline in the individual patient. 
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As shown in Figure 41, if a loading dose was superimposed on a "guestimate" 

of the residual serum concentration, very few patients attained concen­

trations within the therapeutic range and toxicity became a problem. On 

the other hand, as shown on the right side of the figure, if loading 

doses ·were guided by measured residual serum concentrations, considerably 

more patients achieved serum concentrations within the therapeutic 

range. 
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Intravenous Load 

Serum theophylline concentrations 
resulting from conventional loading doses 
of aminophylline and from doses based on 
initial drug concentration. Open circles in­
dicate children; closed circles, adults; T, 
theophylline toxicity; shaded area, thera­
peutic range. 

In summary, measurements of serum theophylline concentrations used 

as feedback for individualizing therapy improved the ability to achieve 

a target serum concentration within the therapeutic range. Of the 

variety of techniques available to do so, it appears that the Bayesian 

approach is the most accurate. In addition, this approach can utilize 

information from one serum level, in contrast, for example, to the 

method of Sawchuk which requires three or with the method of Chiou which 

requires two, and it does not require what is usually the fallacious 
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assumption that one of the kinetic parameters such as volume of distri­

bution is constant. 

Cost-Effectiveness of Monitoring Serum Drug Concentration 

Because of the very good correlations of serum concentrations of 

theophylline to both efficacious and toxic response, one would presume 

that using serum concentration measurements to attain the desired con­

centration within an individua l patient would prove cost effective. Un­

fortunately, no data address this point. To fill this gap, it is our 

goal to perform such a study and we, in fact:~ have submitted protocols 

to the Institutional Review Board at both Southwestern Medical School 

and the VA Hospital to assess the cost-effectiveness of using serum 

theophylline concentrations to individualize therapy. We feel that such 

· assessment requires quantifying such end-points as decrease in toxicity~ 

but also measures of efficacy such as hospitalization time, return rate 

to the emergency room9 duration of stay in the emergency room, need for 

concomitant medications, etc. Hopefully, many in the audience will have 

a .chance to facilitate our seeing this study to fruition. 

In summary, then, a number of drugs meet the criteria listed in 

Table 1 for defining utility of measuring serum drug concentrations. 

With the drugs presented in the preceeding section~ the serum concen­

tration clearly correlates better to response than does dose. In addi­

tion, feedback from serum drug concentration values clearly allows 

better attainment of desired concentrations and response than do pre­

dictive algorithms based on population derived data estimating handling 

of drugs as a function of the demographic characteristics of the patient. 

Lastly, though data tend to be sketchy, it appears that using serum drug 

concentrations is cost-effect·lve. Unquestionably, the toxicity due to 
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digitalis glycosides is decreased, and there is one clear-cut study 

demonstrating the cost-efficacy of individualized aminoglycoside therapy 

in burn patients. This area of cost-effectiveness is clearly in need of 

further documentation; however, it is not unreasonable to assume that 

using measures of drug concentration improves the quality of patient 

care. Costs sufficient to outweigh this benefit are not obvious and 

would be unexpected. It is important to emphasize that data similar to 

those discussed with aminoglycosides, digoxin, phenytoin, and theo­

phylline also exist for other drugs. Clearly, other antiepileptics, 

other antiarrythmic agents, methotrexate etc. can be used more effectively 

by using measured serum drug concentrations. Overall, the data are such 

that the onus must be placed on nonusers of serum drug concentrations to 

justify an approach to therapy which appears from the data to be suboptimal. 
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METHODS FOR INDIVIDUALIZING THERAPY USING MEASURED SERUM DRUG CONCENTRATIONS-­

AN ARGUMENT FOR THE USE OF COMPUTERS 

In the preceeding section~ dealing with the demonstration that use 

of serum concentrations to individualize therapy was more efficacious 

than predictive algorithms, a variety of methods for implementing such a 

feedback loop were presented with no discussion of the methodolgy involved. 

A collation of the preceeding discussion was that all methods using 

feedback from measur·ed serum concentrations improve the ability to 

achieve a target concentration with any of the drugs discussed. Of the 

various methods corrtpared» that of Sawchuk and the Bayesian approach were 

most accurate. In this section of the discussion, I will present some 

of these various methods with one of my main goals to emphasize that the 

mathematics involved are complex , but are readily adaptable to a computer. 



Though hand held calcu 'lator and graphical methods have been promulgated 

at various times, these tend to be exceedingly tedious and less than 

state-of-the-art. It seems that in many wa 1 ks of 1 ife the wave of the 

future is computers. Therapeutics appears to be no exception. 

Chiou Method of Predicting Ind·!vidual Pharmacokinetics 

The Chiou method uses two samples obtained during a maintenance 

infusion. As shown in Figure 42, these values and the known infusion 

rate plus the time interval between the 2 samples can be used to cal­

culate the individual subject's clearance if a value for volume of dis-

tribution based on population data is assumed. 
CHIOU METHOD OF PREDICTING INDIVIDUAL PHARMACOKINETICS 

During a continuous Intravenous infusion. without having given a loading dose, 

obtain 2 samples during the ascent, preferably 4 Hr apart 

Then, 

Whare, Ko = Infusion rate 

Then 

Cp1 and Cp2 "" measured concentrations 

V d = volume of distribution 

(assumed to be constant) 

At= elapsed tlmo ootween Cp1 and Cp2 

Maintenance 
Infusion = Cp58 X Clearance 

(desired) rate Fig 42 

A desired serum maintenance infusion rate can then be calculated based 

on the target concentration to be attained and the individual's clearance 

as calculated by the Chiou method. As noted in the previous discussion, 

this method is accurate but requires 2 samples that must be obtained 

during a continuous infusion and, therefore, might not be appropriate 

for all drugs. The major liability~ however, is its assumption of a 

volume of distribution based on population based pharmacokinetics rather 
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than having the ability to calculate the individual patient's volume of 

distribution. As point~d out in the previous discussion, particularly 

with theophylline and aminoglycoside antibiotics, volume of distribution 

varies at least 10 fold when quantified in large patient groups; assigning 

an inflexible value to this kinetic parameter is hazardous. · 

Koup Method of Predicting Individual Pharmacokinetics 

The Koup method obtains one sample 6 hours after the intravenous 

administration of a test dose. · The concentration of a sample obtained 

at 6 hours, then, is a function of the equation shown in Figure 43. 

KOUP METHOD OF PREDICTING INDIVIDUAL PHARMACOKINETICS 

Administer a test dose by intravenous infusion and obtain one 

sample 6 hrs after the start of the Infusion. 

Then, 

Concentration = Dose ·kcl T ·YS·i) 
--(1-e )e 

at 6 Hr V~kdT 

Where, Vd =volume of distribution 

(assumed to be constant) 

~ = elimination rate constant 

T = duration of infusion 

Solve for~ 

Then, 

Maintenance 
infusion . = Cpas X ~ V d 
rate 

Fig 43 (desired) 

In this equation, the duration of infusion and dose are known, and if 

volume of. distribution is approximated by a population based value 

assumed to be constant, the elimination rate constant can be derived. 

Then the maintenance infusion needed to obtain a desired concentration 

at steady state can be easily calculated using values of the elimination 

rate constant derived from the above equation and the population based 

volume of distribution. Similar to the method of Chiou, the Koup method 
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is accurate and has the advantage of requiring only one serum determina­

tion. Its disadvantages are that the sample must be obtained exactly 6 

hours after the infusion , the erroneous assumption that the volume of 

distribution of a particular drug is constant in all patients, and, in 

addition, this method becomes considerably less accurate in patients in 

whom the half-life of the drug for which it is being utilized is> 8-10 

hours. With theophylline, for example, this liability would preclude 

the utility of the Koup method in many patients with congestive heart 

failure or hepatic disease, the very pat·ients in whom individualizing 

therapy is most important. 

Sawchuk Method of Predicting Individual Pharn1acokinetics 

Using the Sawchuk method requires obtaining 3 serum drug concentra­

tions after an infused dose. One attempts to attain these soon after 

the infusion ends, at or near the trough, and somewhere in between. 

From these 3 points a linear least squares regression fit of the natural 

logarithm of the serum concentration versus time results in a straight 

line, the negative slope of which is the elimination rate constant. 

From the equation of the line, a maximum concentration can be extra­

polated as can a minimum or trough concentration. 
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Since the infusion rate and the duration of the infusion are known, 

volume of distribution can ·be calculated for the individual patient as 

shown in Figure 44. 

SAWCHUK METHOD OF PREDICTING INDIVIDUAL PHARMACOKINETICS 

After an infused dose, obtain 3 samples 

Perform a linear least squares fit of In Cp.versus time, 

Then, calculate the individual's V d: 

( 

K ) 1-e·kc:li · 

Vd = ~ Cpmax·(CPmine ~kc!T) 
Where, K0 = Infusion rate 

~ = elimination rate constant 

the negative slope of the line 

Cpmax = concentration at the end of the Infusion, the 

extrapolated Y·lntercept of the line 

CPmin • trough concentration, extrapolated from the line 

T = duration of Infusion 

Then, calculate the dosing lnterva~ "· neceaaary to 

achieve the desired Cpmax (peak) and Cpmln 

(trough) concentrations: 

r=- +T 

Then, calculate dose as 

Dose = K0T 

Where, 

Ko = kdVdCPmax(1·e·kdr) 

Fig 44 (1·e·kdT) 

Then, the clinician can select a desired maximum and minimum, i.e., peak 

and trough concentration, and calculate the dosing interval necessary 

for this swing from peak to trough knowing the elimination rate constant 

and the duration of the infusion. Finally, the desired infusion rate of 

drug can be calculated knowing the elimination rate constant and volume 

of distribution, the desired maximum concentration and the frequency 

with which it will be administered. The Sawchuk method is quite accurate 

and can calculate both the individual's volume of distribution as well 
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as clearance and elimination rate constant in direct contrast to the 

methods of Chiou and Koup. Its main drawback is the necessity for 3 

samples and the mathematical complexity relative to the other 2 methods. 

Bayesian Method for Individualizing Drug Therapy 

As noted in the first section of this discussion presenting data on 

individual drugs , use of the Bayesian approach when tested against other 

methods always proved to be the most accurate. This method has been 

. deve·loped by Sheiner and colleagues and was utilized by them because of 

their belief that interindividual variability affected all kinetic 

.parameters and; consequently, the only approach that could be expected 

to work most optimally would be one having the flexibility of changing 

all relevant parameters. A Bayesian approach is particularly appro­

priate for this kind of situation, for it allows modification of all 

parameters based on their inherent variability observed in the popula­

tion. For example, if population based studies demonstrate for a 

certain drug that the clearance value has a large standard deviation, 

i.e., much variability in the population, whereas the volume of distri­

bution has a small standard deviation and, therefore, shows little 

variability, the Bayesian approach will allow weighting such that if an 

individual behaves differently from the population average (i.e., an 

observed serum drug concentration differs from that predicted) both 

volume of distribution and clearance will be changed to accommodate 

these differences. Clearance will be changed to a greater extent than 

will volume of distribution because variability in clearance is greater 

than is variability in volume of distribution. This ability to weight 

and thereby proportionally change different kinetic parameters is the 

key feature of the Bayesian approach. Another advantage is that it can 

59 



accommodate any number of serum drug concentrations. Its flexibility 

allows one to weight the obtained serum concentrations rather than 

considering them all to be of equal importance. For example, a patient•s 

status may be changing with time, and as a consequence, one may place 

most credence on the most recently obtained serum concentration. The 

Bayesian approach allows one to use information from previously obtained 

serum concentrations but to most emphasize the recently obtained samples, 

just as one would in actual therapeutic decision making. 

The drawback of the Bayesian approach is its mathematical com­

plexity as can be appreciated in Figure 45. 

ALGORITHM FOR BAYESIAN FEEDBACK 

Minimize the Function: 
Number of Number of 
kinetic parameters 

~(Pn·P~2 + 

L (SD~2 

measured concentrations 
~ (Cp'm·Cp,J2 

L (SEmJ2 
n=1 m=1 

Where, 

Kinetic parameters = volume of distribution 

= clearance 

= compliance factor 

= etc. 

P' = revised parameter estimate 

P = population based parameter value 

SD = standard deviation of the kinetic parameter 

Cp' = predicted concentration from the revised 

kinetic parameter estimate 

Cp = observed concentration 

SEm = standard deviation of the measurement error 

and 

SE = [Cp' (SME) + 0.25) (1.005~ 

Where, 

SME = assay measurement error 

t = time since the measured concentration 

(this allows the most recent measurement to carry the 

most weight) 
Fig 45 
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The method minimizes a function consisting of kinetic parameters and 

measured serum concentrations, comparing population-derived parameters 

to revised parameter estimates and comparing predicted serum concentra­

tions to observed concentrations. Weighting is accomplished by a 

technique of using standard deviations in the denominator. Though all 

previously mentioned methods for individualizing therapy can be accom­

plished on programmable hand- held calculators (or by hand for the truly 

inspired), the Bayesian approach clearly requires a computer. On the 

other hand, its superiority has been clearly demonstrated, as noted in 

the previous citations, and with other drugs such as lidocaine which 

have not been discussed in this protocol. 

It is my contention that the requirement for a computer shou'ld not 

be considered a drawback, for even though the previous methods can be 

implemented on less sophisticated equipment, the methods outlined above 

use the simplist case, in that they do not consider the situation in 

which a patient has received some fonn of therapy before the individuali­

zation approach is implemented. For example, if a patient has been 

receiving drug as an out-patient, as he might if he were taking theo­

phylline or digoxin, the residual concentration in that ·patient at the 

time of implementation of the individualization strategy must be 

estimated. To do so requires solving the equation $hown in Figure 46. 

TO CALCULATE RESIDUAL CONCENTRATION FROM OUTPATIENT DOSING 

Residual = (F) (DOSE) (ka) [ 1-e·Nkd~ (e·kdt') - 1-e·Nka~ (e·kat')] 

vd (ka- ;y . 1-e-~'" 1-e-~~a~ 

Where, F = fraction of dose absorbed 

V d = volume of distribution 

Fig 46 

k8 = absorption rate constant 

kd ·= elimination rate constant 

N = number of doses 

r = dosing Interval 

t' = time from the last dose till the current time 
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Similarly, if a patient has received in-patient therapy (for example, 

several doses of an aminoglycoside antibiotic or a loading dose and a 

maintenance infusion of theophylline) the impact of these doses must be 

estimated using equations shown in Figure 47. 

TO CALCULATE THE CONCENTRATION 
FROM INPATIENT DOSING 

Fig 47 

m 

Concentration = L C(t)n 

at time, t n=1 

Where m = the number of Inpatient doses 

For an oral dose:· 

FDosek8 
C(t) = (e·kcAt~8·kaAI) 

n Vcj(k8·k<:j) 

For an Intravenous bolus dose: 

Dose 
C(t) = - e·kdAt 

n V 
d 

And for an intravenous Infusion 

Dose 
C(t) == (1·e·kdA~ 

n Clearance x T 

where, 6.t == time since the start of the nth dose 

T == duration of infusion 

Obviously, these equations are far from trivial and, in and of themselves, 

could well justify use of a computer for their solving, particularly if 

these are wed to other individualization strategies. Moreoever, one 

must also consider that the Bayesian approach is a general approach. In 

addition to its usefullness for drugs with first order elimination 

characteristics such as aminoglycosides, digoxin, and theophylline, it 

can also be used for drugs with dose-dependent elimination such as 

phenytoin, whereas the other methods outlined above cannot be utilized 

for the latter drugs. It would seem to make more sense to use a general 

approach applicable to all agents in our therapeutic armamentarium, than 

to derive specific approaches for different varieties of drugs. 
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In conclus1on then, many methods can be used to individualize 

therapy of drugs with narrow therapeutic indices. My bias is to use the 

Bayesian approachs implemented on either main frame or small computers. 

I think this is the ideal avenue of pursuit. The facility and uti'lity 

of this approach can be readily seen with the examples demonstrated 

during grand rounds. Its applicability to therapeutic settings should 

be obvious. It is important, however, to also note that there are other 

uses of measurements of serum drug concentrations, the most important of 

which are shown in Table 9. These need no amplification and most are 

obvious, save that which has been addressed today, namely guiding dosage 

regimen design. Hopefully, through this and other similar presenta­

tions, you will become convinced that serum drug concentration determina­

tion is a mainstay of therapy, and under-utilization of this approach is 

tantamount to inappropriate care of your patient. 

TABLE 9 

USES OF MEASUREMENTS OF SERUM DRUG 
CONCENTRATIONS 

1. Confirmation of attainment of a drug concentra­
tion within the "therapeutic" range 

2. Supplementary data In suspected drug toxicity 
3. To guide dosing regimen design- particularly in 

clinical conditions In which changes from 
"average" In drug disposition occur (disease, 
drug Interactions, etc) 

4. Drug Identification In overdose settings 
5. To assess compliance 

CAUTIONS REGARDING INAPPROPRIATE USE OF SERUM DRUG CONCENTRATIONS 

The power of the techniques for individualizing therapy is critically 

dependent on the quality of the data utilized and the ability of the 

physician to adequately interpret their meaning. If a number of simple 

principles are ignored, no matter how sophisticated the technology, the 
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utility of serum drug concentrations becomes negligib le. In other 

words, the old axiom holds that "garbage-in yields garbage-out". 

The magnitude of this prol/lem can be exemplified by data from 

several sources shown in Table 10. 

TABLE 10 

USEFULL(LESS)NESS OF SERUM DRUG CONCENTRATIONS 
WHEN PHARMACOKINETIC PRINCIPLES ARE IGNORED 

Number of Assays %Uaefu l Reference 

212 
45 
43 

138 
100 
116 
145 

Gentamicin 

Olguxln 

20 
22 
14 

22·50 
67 
35 
64 

Anderson et al 
Flynn et al 
Bolllsh et al 

Floyd andTaketomo 
Hladik and DuJovne 
Greenlaw et al 
Slaughter et al 

These different investigators assessed interpretability and appropriate 

utilization of gentamicin and digoxin serum concentration determinations 

and found the users to be frighteningly naive, if not ignorant, as 

reflected in the low percent of values that were useful. Misinterpreta­

tion of serum drug concentrations is probably more likely to be harmful 

than helpful, and one must be particularly cognizant of the need to use 

them appropriately, otherwise all of the foregoing comes to naught. In 

this vein, Table 11 lists situations in which measuring a serum concentra­

tion may not be useful. It is important to review these so that ut i lity 

can be maximized and cost-effectiveness attained. 

TABLE 11 

WHEN MEASURING A SERUM 011UG 
CONCENTRATION MAY NOT BE USEFUL 

1. The measurement ts Inaccurate 
2. The concentration correlates poorly with 

response 
3. It is clinically unnecessary 

a Wida therapeutic Index 
b. There is a readily measurable clinical end-

point of response 
4. Active drug metabolites are not measured 
5. The "usual" therapeutic range Is altered 
6. Pharmacokinetic principles are Ignored 

a Futility of defining peak concentration after 
oral or intramuscular administration 

b. Sampling during the distribution phase 
c. Ignoring the concept of attainment of steady 

state 
7. Time ot dosing and sarnpilng Is lnacurrate 
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The responsibility for accuracy of serum drug concentration determina­

tions rests w1th the Clin1cal Pathology Laboratory. One should rea11ze 

that if everything else seems to be 11 right 11 in a patient and the value 

obtained ftom the laboratory does not seem to 11 fi t 11
, there could possibly 

be a measurement error. McCormick et al presented interesting data when 

samples were blindly submitted to different laboratories as an assessment 

of their quality control . Figure 48 depicts representative data which 

shows the values for digoxin determined by one laboratory on samples 

containing 1.8 ng/ml of digoxin. 

I 
10 

Fig 48 no/ml 
Digoxin Concentrations Reported by Laboratory A 

lor Sampleo· Containing 1.8 Ng per Milliliter Submllled as 
Designated Quallty..Control Spoclmens (I) or as Sim11lated 

Clinical Speclmsna (II). 

The top panel of the slide, which appears to be fairly accurate, re­

presents those samples designated as quality control specimens, whereas 

the lower panel represents detenninations on those samples submitted as 

· clinical specimens. The difference presumably is accounted for by the 

technical personnel's paying more attention to the handling and assaying 

of the quality control samples. Overall, the Clinical Pathology labora-

tories performed \'le11, but one must always realize that measurement of 

the serum drug concentration itself can be a potential source of error. 
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Obtaining a ser·um drug concentration may not be useful for a variety 

of drugs if the concentration in serum correlates poorly with response. 

Numerous examples exist~ such as phenoxybenzarnine which irreversibly 

blocks adrenergic receptors such that the effect persists long after 

phenoxybenzamine has been eliminated from serum. Similarly, with administra­

tion of aspirin, the acetyl group of acetylsalicylic acid splits off and 

binds to p1ate1ets, irreversibly inhibiting prostaglandin synthetase. 

Since the platelet cannot generate new enzymes» this effect lasts for 

the platelet's life span \"hich vastly exceeds the duration of measurable 

amounts of acety1salicyclic acid in serum. With such drugs, in many 

therapeutic settings, it is ludicrous to attempt to interpret much less 

measure a serum drug concentration. 

Often it is clinically unnecessary to measure a serum drug concen­

tration. For instance, drugs with wide therapeutic indices can be used 

to excess, assuring 11 therapeutic" concentrations without risking toxicity. 

Penicillin is a good examp'le of a dt·ug in this category. One occasionally 

observes toxicity due to penicillin but, other than allergic reactions, 

extremely high serum concentrations are necessary to cause side effects. 

Consequently, we usually administer doses of penicillin which are sub­

stantial and in terms of efficacy probably repr·esent 11 0verkill". The 

benefits to be gained by measuring a serum penicillin concentration and 

more carefully targetting the minimal level that will still be effi­

cacious would clearly not be cost-effective. Another situation in which 

measuring serum drug concentrations is not clinically necessary is when 

there is a readily measurable clinical end-point of response. Beta­

blockers are good examples of drugs ·In this category, for clinical 

assessment of beta-blockade is much easier and less expensive than is a 
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serum assay for the various beta-blockers . Oral anticoagulants are 

other good examples, for it is much simpler to measure the prothro~bin 

time than it is to measure the actual concentration of drug. 

Because of the variability among patients in the relationship 

between the serum concentration attained and response, it is unfortunate 

that with more drugs we cannot readily measure response as opposed to 

serum concentration. It should be noted that the same approach taken 

for individualizing therapy using a target serum concentration can be 

used with drugs with readily measurable endpoints of response, using 

response as the target. In fact, computer programs have been devised 

and are being tested wh1ch use the Bayesian approach to individually 

relate dose to response. This serves as yet another example of the 

potential usefulness of computers to optimize therapeutics. 

It becomes exceedingly difficult, if not impossible, to interpret a 

serum drug concentration if that drug has active metabolites, particularly 

if they are not measured. Table· 12 presents a list of some drugs with 

active metabolites and quick perusal reveals that for the drugs in this 

list in which we measure serum drug concentration the metabolite is 

often ignored. 
Desmethyldiazepam 
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Table 12 
Diazepam 
Digitoxin 
Digoxin 

Digoxin 
Digoxigenin-mono-digitoxide and 

DRUGS WITH ACTIVE METABOLITES 

DRUG 

Acebutolol 
Acetohexamide 
Allopurinol 
Amitriptyline 
Cefotaxime 
Chloral hydrate 
Chlordiazepoxide 
Clofibrate 

Codeine 
Cyclophosphamide 

Cytarablne 

METABOLITE 

N-acetylacebutolol 
Hydroxyhexamide 
Oxypurinol 
Nortriptyline 
Desacetylcefotaxime 
Trichlorethanol 
Desmethylchlordlazepoxide 
Parachlorophenoxy-isobutyric 

acid 
Morphine 
4-Hydroxycyciophosphamlde and 

aldophosphamide 
Uracil arabinoside 

Flurazepam 
Glutethimide 
Imipramine 
Meperidine {pethidine) 
Methamphetamine 
Methimazole 
Metoprolol 
Nalidixic acid 

Pancuronium 
Phenacetin 
Phenylbutazone 
Prednisone 
Primidone 
Procainamide 

· Propoxyphene 
Propranolol 
Sodium nitroprusside 
Sulphonamides 

Digoxigenin-bis-digitoxide 
Desethyiflurazepam 
4-Hydroxyglutethimide 
Desipramine 
Normeperidine 
Amphetamine 
3-methyl-2-thiohydantoin 
a-hydroxymetoprolol 
7-hydroxynalidixic acid 

3-hydroxypancuronium 
Acetaminophen 
Oxyphenbutazone 
Prednisolone 
Phenobarbital 
N-acetylprocainamide 
Norpropoxyphene 
4-Hydroxypropranolol 
Thiocyanate 
Toxic acetylated metabolites 



Even if the metabolite is measured and reported to the clinician, however, 

as is the case with procainamide and N-acetylprocainamide, interpretability 

of this value is not assured. At one time clinicians took the simplistic 

approach of simply adding the procainamide and N-acetylprocainamide 

concentrations and aimed for a therapeutic range accordingly. Clearly, 

this is unacceptable~ for the metabolite has a different spe~trum of 

activity than the parent drug» and basically we do not know how to 

interpret serum concentrations of N-acetylprocainamide. A similar 

problem occurs with quinidine. The therapeutic range that has been 

defined for quinidine used nonspecific assay methods which included 

measurements of metabolites with lesser activity than the parent com­

pound. Guentert et al have clearly shown that use of specific assays 

for quinidine results in a "therapeutic range" of considerably smaller 

values of quinidine than those used previously. Studies are now needed 

to define the therapeutic range for quinidine using the specific assays 

that most clinical laboratories can now implement or have now implemented. 

In situations such as those mentioned above, it becomes exceedingly 

important to focus more on clinical endpoints of response than on actual 

measures of serum drug concentration. In fact, in many instances it may 

potentially be more harmful to obtain such measurements, and one•s 

patient would be best served if the drug concentration were not de­

termined at all. 

When most clinical laboratories report the value for the drug 

measured in the patient•s sample, they include a 11 normal therapeutic 

range 11
• In some situations, however, the therapeutic range must be 

redefined . Phenytoin is the prototypic example. Phenytoin is tightly 

bound to serum proteins, and it is the amount of free drug which is 
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available to the site of action and responsible for pharmacologic effect. 

However, it is the total amount of phenytoin in blood which is measured 

by the clinical laboratory. If a change in binding occurs, as may 

happen in drug interactions, in patients with hypoalbuminemia, or in 

patients with uremia the 11 usual 11 therapeutic range must be redefined. 

This phenomenon is illustrated schematically 
Free , .0 5.5 

Displacement 
--·----~ 

From Protein 

Bound 9.0 4.5 

TOTAL 10.0 10.0 

in Figure 49. 
1.o- - -

Steady 

State 

4.5 

5.5 

Fig 49: Schematic illustration of the effect of 
binding on concentrations of phenytoin. 

altered protein 

In the 11 normal patient 11 90% of phenytoin is bound so that if a total 

serum concentration of 10 ~g/ml was reported from the laboratory, this 

value would represent 1 ~g/ml free in plasma and 9 ~g/ml bound to serum 

proteins. If instantaneous displacement from protein occurred (obviously 

not the case clinically and for illustrative purposes only) the free 

concentration of phenytoin would increase with a concomitant increase in 

pharmacological effect most likely resulting in toxicity if the patient 

had been previously in the therapeutic range. However, this increased 

free concentration ·is not only available to the site of action, but it 

can also distribute into tissues where activity does not occur (for 

phenytoin most l·ikely adipose tissue). A new steady-state is achieved 

where the free concentration of drug is identical to that previously, 

though the % bound is less and the total serum concentration reported 

from the clinical laboratory is .less. As a consequencet in the clinical 

situation represented by the right side of the schematic, a total serum 
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concentration of 5.5 ~g/ml results in an identical pharmacological 

effect to the total serum concentration of 10 ~g/ml shown on the left 

side of the schematic. Therefore, if the laboratory reports total serum 

· concentrations in such clinical situations, th~ "therapeutic range" must 

be redefined. The consequence of not redefining the therapeutic range 

is as if the patient on the right side of the schematic was still suf­

fering seizures. The physician, after receiving the laboratory result 

of of 5.5 ~g/ml might inappropriately presume that the patient was at a 

subtherapeutic dose of phenytoin, increase the dose. and cause toxicity. 

Reidenberg and Affrime have attempted to redefine the therapeutic range 

of phenytoin in patients with uremia as shown in Figure 50. 
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Fig 50: Redefined "therapeutic .. range of phenytoin relative to renal 

function. 

This figure demonstrates the principles discussed, though it is a poor 

representation, because serum creatinine is obviously an inadequate 

index of renal function across all ages of patients. One should not use 

values from such a curve with too much faith. They should mainly make 

one cautious in those situations in which phentyoin may be displaced 
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from serum proteins, i.e., uremia, hypoalbuminemia, and drug interactions 

in which displacement from protein occurs. 

An illustration of this same phenomenon in nephrotic patients with 

hypoalbuminimia is shown in Table 13. 

The same 

TABLE 13 

EFFECT OF HYPOALBUMENEMIA ON PHENYTOIN 

(J Clln lnveat 55:1182·1189, 1975) 

Controls Nephrotic 
Syndrome 

Total Serum 6.8 2.9 
Concentration (J.Ig!mQ 

Protein Bound (%) 89.9 80.8 
Unbound Fraction (%) 10.1 19.2 
Volume of Distribution 0.3 0.59 

(L/Kg) 
Concentration of 0.69 0.59 
Utlbound Drug (J.Ig/m~ 

Volume of Distribution 2.69 3.4 
of Free Drug (L!Kg) 

phenomenon as illustrated in uremia occurs; namely, total serum 

concentration is halved as the amount bound to serum proteins decreases 

from 90 to 80% with a concomitant doubling of the fraction unbound from 

10 to 20%. This increased free drug can. distribute to nonactive sites, 

doubling the volume of distribution such that the concentration of 

unbound drug is virtually identical in patients with the nephrotic 

syndrome compared to control subjects. Other drugs in which this 

identical phenomenon occurs include valproate and coumadin. With 

coumadin the problem of interpretation is avoided because clinical 

effect rather than serum concentration is measured. A redefinition of 

the therapeutic range of phenytoin or any other drug does not obviate 

the usefulness of serum drug concentrations in individualizing therapy. 

One must, howeverw be particularly cognizant of the ramifications of the 

target serum concentration he wishes to achieve in his individual patient. 
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Perhaps the most common setting in which measuring serum drug 

concentrations may not be useful is when pharmacokinetic principles are 

ignored, a circumstance which is entirely avoidable. A frequent source 

of error of this type is when the clinician obtains a "peak" serum 

concentration after having administered a drug by mouth or intramuscularly. 

It is absolutely impossible to predict~ priori at which time a peak 

concentration will occur in an individual patient. Unless a series of 

samples are gathered, one cannot know if the sample is obtained on the 

upslope, at the peak, or on the downslope of the serum concentration 

versus time curve. This fact is illustrated in Figure 51 which is a 

schematic of 3 curves all having the same area under the curve, (in 

other words, bioavailability of the preparation is the same for all 3 

curves) and the same elimination half-life. 
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Fig 51: Idealized absorption profile curves where only the rate of 

absorption differs • 

. The only difference in these 3 curves is the rate of absorption. Again, 

it is absolutely impossible to predict ~ priori on which curve an indi­

vidual patient would fall. In addition, patients may have variability 

in the lag time before which drug begins to be absorbed, further com-
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plicating the issue. If one has administered a drug by mouth or intra­

muscularly it is best to attempt to avoid obtaining a serum drug concen­

tration during the absorption phase. Th i s can best be avoided by ob­

taining a trough concentration or a sample on the downward slope of the 

elimination phase. 

Another frequent source of error from ignoring pharmacokinetic 

principles is obtaining a serum drug concentration during the distribution 

phase of the drug. This most often occurs after intravenous administration 

of a drug by either infusion, but particularly by intravenous bolus. 

Different drugs equilibrate at different rates with tissues, and it is 

that drug reaching the tissue which is active. Consequently, before 

equilibration is achieved, very high serum concentrations may be asso­

ciated with very low concentrations at the active site and little 

pharmacological effect. In contrast, after sufficient time has elapsed, 

the serum concentration may have decreased while the concentration in 

tissues has increased. During this dynamic phase of equilibration with 

tissue (actually pseudoequilibration since equilibration can never 

completely occur unless the patient is at steady-state with a continuous 

intravenous infusion) the serum concentration cannot be appropriately 

interpreted. 
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This phenomenon is illustrated in Figure 52 which· demonstrates the 

relationship between the plasma procainamide concentration and response 

monitored as a change in the QT interval. 
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Fig 52: Relationship between plasma procainamide concentration and 

response at different sampling times after an intravenous 

infusion. 

This depiction shows a hysteresis loop in which, during the initial 

blood sampling, there is clearly a dissociation between concentrations 

in blood and clinical response. For example, at 8 minutes the plasma 

concentration of approximately 2.3 ~g/ml is associated with only approxi­

mately a 4 millisecond change in the QT interval, whereas at 44 minutes 

a virtually identica l plasma procainamide concentration is associated 

with a change in QT interval of approximately 17 milliseconds. Th is 

latter value is after distribution has ceased and is -at a time in which 

a plasma procainamide concentration can be validly interpreted. It is 

important to avoid sampling of any drug during the distribution phase. 
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This can be accomplished with most drugs after an intravenous bolus dose 

or an intravenous infusion, if an interval of at least 30 minutes, or 

preferably 60 minutes, occurs before sampling is performed. The excep­

tion to this rule is digoxin which has a prolonged distribution phase 

lasting 6-8 hours. Consequently, samples for detennination of serum 

digoxin concentration should not be obtained any sooner than 8 hours 

after administration of the drug; so doing renders them uninterpretable. 

A last common situation in which pharmacokinetic principles are 

ignored is the clinician's inattention to the concept of attainment of 

steady-state. For any drug, the time necessary to reach steady-state 

equals 4 to 5 times the serum half-life. Though the half-life of the 

drug is difficult to estimate in individual patients, one can usually 

guestimate an appropriate "ball park" figure. If one samples at an 

assumed steady-state though steady-state has not yet been reached, 

misinterpretation and inappropriate clinical responses are likely to 

occur. This scenario is illustrated in Figure 53 . 
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The dashed curve is an idealized representation of the attainment of 

steady-state of a drug after approximately 4 to 5 half-lives. In this 

example the steady-state concentration is approximately 4. If a sample 

were obtained after 2 half-lives, the value would be approximately 2.7. 

If the clinician inappropriately assumed this to represent steady-state 

and his target concentration were 4, he would increase the dose. After 

an increase in dose, it again takes 4 to 5 times the serum half-life to 

reach the new ·steady-state, and as depicted in this figure by the 

idealized solid line~ the patient, after inappropriate dose adjustment 

would reach a serum concentration of approximately 6 which could well be 

in the toxic range. If the clinician is not certain where he is in 

relationship to steady-state, he should obtain 2 separate serum concen­

trations to assess whether the concentration is still increasing (or if 

the dose has been adjusted downward, decreasing). Otherwise, interpre­

tation of the serum concentration becomes exceedingly difficult and can 

be misleading. 

The pharmacokinetic principles illustrated above are not difficult, 

and the fact that they are frequently ignored is inexcusable. A few 

simple rules when disobeyed, however, can totally obviate the power of 

the techniques that have been developed to truly individualize therapy. 

The onus is on all clinicians to avoid falling into this trap. Though 

idealistically just knowing these pitfalls should make every clinician 

think of them and avoid themi this obviously does not occur in the real 

world. Consequently, it is my feeling that any request for a serum 

concentration sent to the clinical laboratory should be accompanied by 

data demonstrating that the concentration is likely to be interpretable; 

namely, the route of administration of the drug, its time of administra-
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tion, the time of sampling, and whether or not the patient is at steady­

state, should all be required on the laboratory request. If any are 

absent, the concentration should not be determined. I challenge Parkland 

Hospital to implement such a policy. Protests would be vigorous and 

loud~ particularly among those who are the most frequent violators of 

these simple principles. The cost of forcing clinicians to provide such 

information and follow the simple principles is a small increment in 

time. The benefits are potentially enormous. Fewer useless serum drug 

concentrat ion determinations would be performed, misinterpretation would 

not occur, and therefore, quality of care would improve. Not instigating 

such a policy seems indefensible. 

Lastly, for measures of a serum drug concentration to be useful, it 

is important that the time of dosing and sampling be accurate. As such~ 

the nursing service and blood drawing teams must be active partners in 

our attempt to appropriately use this technology. Armitstead and Nahata 

recently published interesting data depicted in Table 14. 

TABLE 14 

POTENTIAL MEDICATION 
ADMINISTRATION ERRORS 

(CIIn Pharm 2:153·156, 1983) 

Method of Administration: Continuous Infusion 
(30 min) of 100 ml by IV piggyback 

Errors: Fluid not infused: 7.2 ± 1.2 ml (4.5-9.5) 
Dose lost: 7.2% (4.1-10.1) 
Infusion duration: 39.8 ± 20.8 min 
(5·110) 

Infusion started: 14.4 ± 46.9 min late 
(-50-200) 

Trough sampled: 9 ± 39 min (-130-90) 
Peak sampled: 44 ± 34 min (0-105) 

Peak sampling reported 6.1 ± 4.8 min 
later than actually drawn 
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These investigators monitored administration of an aminoglycoside anti­

biotic and the obtaining of a serum sample for measurement in a clinical 

laboratory. The drug was supposed to be administered as a continuous 

infusion over 30 minutes in 100 ml of fluid by intravenous piggyback. 

An average of 7 ml of fluid was not administered, and consequently, dose 

was inaccurate. The infusion duration, a paramter important for indivi­

dualizing therapy and for making certain that the sample was not drawn 

during the distribution phase ranged from 5-110 minutes. The dose was 

started from 50 minutes early to 200 minutes late, the trough was sampled 

from 130 minutes too early to 90 minutes too late, and the peak was 

sampled up to 105 minute~ late. Moreoever, the time at which it was 

reported that the samples were drawn was also inaccurate. All of these 

pieces of data would be important for interpreting any serum drug con­

centration. It is clear from these data that if one is to be certain of 

how and when the drug is administered and how and when the sample was 

obtained, he may have to do it himself, particularly until the ancillary 

personnel have been appropriately schooled (browbeaten) to recognize the 

importance of performing their tasks accurately. Again, these problems 

should be avoidable, and I challenge the nursing service and the blood 

drawing teams to make certain that such administration errors are avoided. 

CONCLUSION 

I am absolutely convinced, and I hope that I have convinced you 

that obtaining serum drug concentrations is not only exceedingly useful 

but it in fact is the only method by which we can optimize therapy with 

a number of drugs. In the past, such measures have been under-utilized 

at this hospital and many others. We now have the technology to implement 
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these therapeutic strategies and improve patient care. The effort must 

come from a variety of directions. The clinical laboratory must exercise 

high levels of quality control and provide concentration values in a 

timely fashion. The clinician must avoid the pitfalls discussed above 

which render interpretability impossible. And, finally, our partners in 

clinical care must make certain that the patient receives the drug when 

he is supposed to and that samples be drawn as indicated. I hope it is 

not too idealistic to think that collation of these efforts can occur so 

that we can more appropriately use the powerful drugs in our armamentarium. 

I would like to dedicate this grand rounds and this efffort by our 

laboratory to Polavat Chennavasin. Poiavat was the first postdoctoral 

fellow to work in my laboratory. He had a brief exposure to Clinical 

Pharmacology during his residency in his home country of Thailand. From 

this exposure, he decided that his goal was to become the first Clinical 

Pharmacologist in Thailand. In pursuit of that goal, he repeated his 

entire internship and residency in the United States so that he would 

have unhindered access to patient care in pursuing his Clinical 

Pharmacology training. He came to Dallas and worked in our group for 

two and one-half years after which he fulfilled his goal of becoming the 

first Clinical Pharmacologist in Thailand. He was one of the smartest 

people I ever met, but more importantly he was kind, patient, and gentle-­

a tru·ly giving person. He, his wife, and six other young faculty members 

drowned in a tragic boating accident in mid-April of this year. All 

those who knew Polavat respected and loved him. He was an integral 

component of our first steps down this road I have presented today. In 

his memory, we will traverse its course. 
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